Measuring method on an electric motor and measuring device for an electric 
motor for determining the fly height and/or axial play 



The present disclosure relates to the subject matter disclosed in German 
5 application No. 103 16 940.7 of April 12, 2003, which is Incorporated herein by 
reference in its entirety and for all purposes. 

BACKGROUND OF THE INVENTION 

10 The invention relates to a measuring method on an electric motor with a rotor 
and a stator for determining the fly height (lifted height) and/or axial play, the 
rotor being mounted, and in particular fluid-mounted, on the stator. 

The invention also relates to a measuring device for an electric motor, by 
15 means of which an axial position of a rotor which is mounted, and in particular 
fluid-mounted, on a stator can be determined. 

Fluid bearings or hydrodynamic bearings are used for example for the 
rotational mounting of spindle motors for hard disk drives. Such electric 

20 motors have high levels of running smoothness and accuracy along with great 
robustness and shock resistance. However, it is important when producing a 
fluid bearing that very close tolerances are maintained for the bearing gap 
between the shaft and the bearing mount. If, for example, the motor is 
operated at its nominal speed, then the rotor is in a specific relative axial 

25 position (lifted position or flying position) in relation to the stator. The 

associated fly height or lifted height along with the axial play characterizes the 
electric motor, and in particular is a measure of the quality of the electric 
motor. 
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Ball bearings also have axial play. 
SUMMARY OF THE INVENTION 

5 

In accordance with the present invention, a measuring method and a 
measuring device is provided with which the axial position of the rotor in 
relation to the stator can be determined with high levels of accuracy and 
reproducibility. 

10 

This is achieved in accordance with the invention by operating the electric 
motor at a defined measuring speed, at which the rotor is in a specific axial 
position in relation to the stator, with this relative axial position being 
determined, by bringing the rotor in a defined manner, with the motor at a 
15 standstill, into a first stop position in relation to the stator, by bringing the 
rotor in a defined manner, with the motor at a standstill, into a second stop 
position in relation to the stator, lying opposite the first stop position, and by 
respectively measuring the relative axial position between the rotor and the 
stator in the two stop positions. 

20 

The procedure according to the invention allows subjective influences when 
the stop positions are being established to be eliminated, since they are 
established in a defined manner. When the stop positions are known, the fly 
height can once again be determined with a high level of accuracy. The 
25 measuring method according to the invention allows the fly height and at the 
same time also the axial play to be determined with high levels of accuracy 
and reproducibility. The relevant variables can be determined within short 
measuring cycles. In particular, the measurement can be automated. 
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The measuring speed advantageously corresponds substantially to the nominal 
speed of the electric motor. The nominal speed of the electric motor is that 
speed for which the electric motor is optimized. If the measuring speed 
5 corresponds to the nominal speed, the lifted height and the axial play can 
Indeed be determined for the nominal speed by the measuring method 
according to the invention. 

The positional measurement can be carried out in a simple way by means of a 
10 distance sensor (position sensor). It may be, for example, a capacitive 

sensor. Other contactless sensors, such as inductive sensors, optical sensors 
or possibly magnetic sensors or ultrasound sensors can also be used. In 
particular, in this case the stator is kept fixed in place and the relative axial 
position between the stator and the rotor is measured. For this purpose, a 
15 fixed distance sensor is provided in particular. Changes in the relative position 
between the stator and the rotor can be sensed by means of the distance 
sensor. 

It is particularly advantageous if the rotor is pressed against the sensor to set 
20 the corresponding stop position. By determining this stop position, the fly 

height and the axial play can then be determined by means of the signal of the 
corresponding distance sensor. 

The corresponding stop position can be reached in a defined manner if the 
25 pressing of the rotor against the stator takes place by means of compressed 
air. As a result, the pressing process can be controlled and so the 
corresponding stop position can be reached in a defined manner. 
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In particular, it may be provided that compressed air pulses are used for 
pressing the rotor against the stator. It has proven to be advantageous If 
fewer than ten pulses per minute are used to set the corresponding stop 
5 position. 

To set the further stop position, it is advantageous if the rotor is pulled away 
from the stator. This takes place for example by means of applying negative 
pressure. 

10 

For this purpose, a pressure bell may be provided, by means of which a 
negative pressure appropriate for pulling the rotor away from the stator can 
be exerted on said rotor. 

15 It is most particularly advantageous in this respect if the pressure bell is 
cardanically suspended (suspended on gimbals), in order to minimize its 
influence on the measuring result. 

High precision in the determination of the lifted height and the axial play can 
20 be achieved if the deformation of part of the electric motor to which force is 
applied in the stop positions is measured. In the stop positions, parts rest 
against one another with force applied, so that they exert a force on one 
another. This force is manifested by a deformation, which is also measured by 
the distance sensor or is determined by a further sensor. The values supplied 
25 by the distance sensor must be corrected to allow for the deformation, since 
there is no such deformation during the operation of the electric motor, when 
the rotor is at its fly height above the stator. The measurement of the 
deformation allows such a correction to be carried out. 



In this respect, a distance sensor for measuring the deformation is provided in 
particular. This distance sensor is in this case aligned with the stator, to allow 
corresponding deformations to be measured. 

5 

The deformation/distance sensor is advantageously aligned coaxially in relation 
to a central axis of a shaft of the electric motor or is disposed in relation to the 
latter at such a distance that its field of view lies in a projection of the stop 
face in a bearing mount for the shaft. This allows the deformation to be 
10 determined in a simple way, that is to say by means of a change in the 
distance between the stator and the distance sensor. 

In particular, the deformation/distance sensor is in this case aligned with a 
base plate of the stator. 

15 

A field of view of the deformation/distance sensor in this case lies in the 
opposite direction to a field of view of a distance sensor for determining the 
relative position between the rotor and the stator. The distance sensor for 
determining the relative position between the rotor and the stator measures 
20 (in a relative way) the lifted height of the rotor in relation to the stator. The 
deformation/distance sensor measures the deformation of, in particular, a 
base plate of the electric motor. 

In the determination of the lifted height and/or the axial play of the rotor by 
25 means of the stop position or stop positions, the deformation of the stop faces 
caused by a force being applied is then taken into account. This allows the 
lifted height and the fly height of the rotor in relation to the stator to be 
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determined with high levels of accuracy and reproducibility, even in the case of 
orders of magnitude of 10 ^im and less. 

In particular, it is provided that at first the electric motor Is operated at a 
5 specific measuring speed, then, with the motor at a standstill, the rotor Is 

pulled away from the stator to set the first stop position, and subsequently the 
rotor is pressed against the stator to set the second stop position, or the rotor 
is first pressed against the stator and then the rotor is pulled away from the 
stator. In the case of such a measuring method according to the Invention, 
10 the lifted height and the axial play can be determined with a high level of 
reproducibility, low cycle times and a high level of accuracy. In particular, 
such a measuring method can be carried out automatically. 

In accordance with the invention, the measuring device comprises a pushing 
15 and pulling device by means of which the rotor and the stator can be brought 
in a defined manner into a first axial position in relation to each other, in which 
the rotor lies in a first stop position in relation to the stator, and can be 
brought into a second stop position, in which the rotor lies in an opposite, 
second stop position in relation to the stator. 

20 

The pushing and pulling device can be used to set both stop positions in a 
defined manner in a measuring device. The lifted height (fly height) and axial 
play of the rotor in relation to the stator can then be determined with high 
levels of accuracy and reproducibility. 

25 

In particular, in this case the pushing and pulling device can be operated in a 
pulsed manner, to make it possible to ensure that the stop positions are 
reached in a controlled, defined manner. 
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In particular, the pushing and pulling device can be used to apply compressed 
air and negative pressure to the electric motor, to allow a pressing pressure 
and a pulling force to be produced in this way. 

5 

For example, the pushing and pulling device comprises a pressure bell for 
pulling the rotor away from the stator. Furthermore, a pressure cylinder may 
be provided for establishing a pressing force of the rotor against the stator. 

10 In particular, the pushing and pulling device is cardanically suspended. In 
order to minimize its influence on the measuring result. 

Furthermore, it is provided that a distance sensor is provided for determining 
the relative axial position between the stator and the rotor, since the relative 
15 axial position can then be determined in a simple way as distance information. 
In particular, in this case the distance sensor is fixedly positioned, in order to 
obtain distance information in this way. 

Furthermore, it is advantageous if a deformation sensor is provided for 
20 determining the deformation of a region of the electric motor to which force is 
applied by means of the pushing and pulling device, the deformation sensor in 
particular comprising a distance sensor or being formed by such a distance 
sensor. 

25 The deformation sensor is also preferably fixedly positioned, in order in this 
way to allow deformations to be accurately sensed as distance information. 



8 - 



Further advantageous configurations of the measuring device according to the 
invention have been explained in connection with the measuring method 
according to the invention. 

5 The description which follows of a preferred embodiment serves in connection 
with the drawing for a more detailed explanation of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

10 Figure 1 shows a schematic sectional view of an exemplary embodiment of 
an electric motor (spindle motor) with a fluid-mounted rotor; 

Figure 2 shows a schematic representation of an exemplary embodiment 
of a measuring device according to the invention, with which the 
.15 lifted height of the rotor in relation to the stator can be 

determined, and 

Figure 3 shows an example of measuring signals, from which the lifted 
height (fly height) and the axial play can be determined. 



20 



DETAILED DESCRIPTION OF THE INVENTION 



An exemplary embodiment of an electric motor, which has a fluid-mounted 
shaft, is schematically shown in Figure 1 and designated there as a whole by 
25 10- This electric motor 10 has a stator 12 and a rotor 14. The rotor 14 is 
mounted rotatably with respect to the stator 12 about an axis 16. 



For mounting the rotor 14 on the stator 12, a fluid bearing 18 (hydrodynamic 
bearing) is provided. In the case of the exemplary embodiment shown In 
Figure 1, the fluid bearing 18 comprises a shaft 20, which is seated in a 
rotationally fixed manner on the stator 12. However, it may also be provided 
5 that the shaft is seated in a rotationally fixed manner on the rotor 14 (not 
shown In the drawing). The shaft 20 is accommodated in a bearing mount 22 
(bearing sleeve) of the rotor 14. Formed between the bearing mount 22 and 
the shaft 20 Is a bearing gap 24, which Is filled with a lubricant to achieve a 
hydrodynamic lubrication. 

10 

The shaft 20 has a structure 26 for Imparting turbulence to the lubricant when 
the rotor 14 rotates about the axis of rotation 16. A corresponding structure 
may alternatively or additionally be formed on the bearing mount 22, facing 
the shaft 20. 

15 

The shaft 20 comprises a thrust plate 28, which is seated at the end of the 
shaft 20 remote from the stator 12. This thrust plate 28 has in relation to the 
axis of rotation 16, which coincides with a central axis of the shaft 20, a 
greater cross-section than the shaft 20 below this thrust plate 28. 

20 

Facing the thrust plate 28, the bearing mount 22 is delimited by a counter 
plate 30, this counter plate 30 being formed in particular as a disk. The 
bearing mount 22 comprises a first region 32, in which the thrust plate 28 is 
guided, and a second region 34, which follows the first region 32 and in which 
25 the portion of the shaft 20 below the thrust plate 28. is guided. The first region 
32 has a greater cross-section than the second region 34 of the bearing mount 
22. The height of the second region 34 parallel to the axis 16 is greater than 



* 
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the corresponding height of the first region 32. The first region 32 has the 
form of a hollow disk, while the second region 34 has the form of a hollow 
cylinder. 

5 Held on the rotor 14 is a magnet 36 or a number of corresponding magnets, 
which face a magnetic field generating device 38 of the stator 12. This 
magnetic field generating device 38 comprises windings 40. 

The stator 12 itself has a base plate 42. 

10 

The first region 32 of the bearing mount 22, in which the thrust plate 28 is 
mounted, has a height H, which is greater than the corresponding height of 
the thrust plate 28. This defines a first stop position 44, in which the side of 
the thrust plate 28 facing the stator 12 butts in its annular region against the 
15 delimiting wall of the first region 32 facing the counter plate 30, this delimiting 
region likewise being annular. 

A second stop position 46 is defined by the surface of the thrust plate 28 that 
Is facing the counter plate 30 and is circular, butting against the counter plate 
20 30. 

The difference in height between the first stop position 44 and the second stop 
position 46 is also referred to as the axial play of the electric motor. In the 
case of spindle motors which are used in hard disk drives, the value of the 
25 axial play is of the order of magnitude of 10 )xm. 
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When the rotor 14 rotates about the axis of rotation 16, it lifts itself from the 
stator 12, i.e. the thrust plate 28 is located in a position between the first stop 
position 44 and the second stop position 46. The rotor 14 is thereby displaced 
in relation to the stator 12 (in the case of the exemplary embodiment 
5 according to Figure 1 then also in relation to the shaft 20) in axial height 

parallel to the axis 16, or there is a relative displacement between the rotor 14 
and the stator 12 and consequently a relative displacement of the shaft 20 in 
the bearing mount 22. This position of the rotor 14 above the stator 12 Is also 
referred to as the fly height or lifted height. This fly height at the nominal 
10 speed of the electric motor is a characteristic measure of the electric motor 10 
and characterizes in particular the quality of the electric motor. 

The present invention provides a method and a device for measuring this fly 
height: 

15 

An exemplary embodiment of a measuring device according to the invention 
for determining the axial position between the stator 12 and the rotor 14 
during rotation of the motor, which is shown in Figure 2 and designated there 
as a whole by 48, comprises a holding device 50, on which the stator 12 can 

20 be fixed. The holding device 50 is in this case formed in such a way that it 
leaves free a region 52 below the base plate 42, which region is coaxial in 
relation to the axis of rotation 16. Disposed In this region 52 is a deformation 
sensor 54, by means of which the deformation of the base plate 42 in the 
region of a projection 56 of the shaft 20 onto the base plate 42 can be 

25 determined. As described in still more detail below, this deformation sensor 
54 allows corrections to be carried out with respect to the determination of the 
fly height and the axial play of the rotor 14 on the basis of a deformation of 
the base plate 42. 
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The deformation sensor 54 is, in particular, a distance sensor, sucli as for 
example a capacitive sensor, which is fixedly disposed with respect to the 
holding device 50 and with its field of view is aligned with the projection 56. 

5 

To determine the axial play, the rotor 14 is brought in a defined manner Into 
the first stop position 44 and into the second stop position 46. This preferably 
takes place in a controlled manner by means of applying negative pressure 
and compressed air by a pushing and pulling device 59. Provided for this 

10 purpose is a cardanically suspended pressure bell 58, by means of which a 
pressure can be exerted on the rotor 14 by means of compressed air from a 
pressure cylinder, in order to press said rotor against the stator 12 and 
consequently reach the second stop position 46 of the rotor 14 in relation to 
the stator 12. Furthermore, the pressure bell 58 can be used to apply 

15 negative pressure to the rotor 14, in order to pull the latter away from the 
stator 12 and consequently reach the first stop position 44. 

The pressure bell 58 comprises an annular chamber 60, which can be 
positioned with a front end on the rotor 14, to allow a force to be exerted on 
20 said rotor in relation to the stator 12. This chamber 60 is provided with 

connections 62, via which compressed air can be introduced into the chamber 
60 or a negative pressure can be created In the chamber 60. 

To allow the axial position of the rotor 14 in relation to the stator 12 to be 
25 measured, and consequently the axial position of the shaft 20 in the bearing 
mount 22, a distance sensor 64 which is positioned fixedly with respect to the 
holding device 50 and the field of view of which is aligned with a surface of the 
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rotor 14 is provided. An axial displacement of the rotor 14 in relation to the 
stator 12 is then manifested by a relative axial displacement of the rotor 14 
with respect to the distance sensor 64, so that this displacement can be 
measured. 

5 

According to the invention, the following procedure is then followed: 

The electric motor 10 is operated at a measuring speed which preferably 
corresponds to Its nominal speed, without force being exerted. This then 
10 establishes a specific lifted position of the rotor 14 in relation to the stator 12, 
which characterizes the electric motor 10. The distance sensor 64 measures a 
signal 66 (Figure 3), which is a measure of this fly height or lifted height. 

Subsequently, the rotor 14 is pulled into the first stop position 44, i.e. the 
15 rotor 14 is positioned such that the thrust plate 28 rests against a delimiting 
wall of the first region 32 of the bearing mount 22, When this first stop 
position 44 is established, the rotor 14 is not rotating, i.e. the electric motor 
10 is in a non-operating state. The transfer into the first stop position 44 
takes place in a defined way. 

20 

By applying negative pressure, the rotor 14 is lifted from the stator 12 In a 
defined manner, and the rotor 14 is pulled into the first stop position 44. This 
transfer Is carried out with the electric motor 10 at a standstill. It may be 
provided that the application of the negative pressure takes place in a pulsed 
25 manner. 
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The distance sensor 64 then supplies a signal 68, which is characteristic of the 
first stop position 44. 

Subsequently - possibly after venting of the chamber 60 - compressed air is 
5 introduced into the chamber 60 in a pulsed manner. It has proven to be 
advantageous if six to seven surges of air per minute are used to reach the 
second stop position 46. The distance sensor 64 supplies a signal 70, which is 
characteristic of the second stop position 46. 

10 The sequence of the transfer into the first stop position 44 and second stop 
position 46 may also be reversed. 

The axial play can be determined from the difference between the signals 68 
and 70, which are distance signals. The signals 68 and 70, which are 
15 measured with the electric motor 10 at a standstill, characterize the two 

limiting cases of the axial position of the rotor 14 in relation to the stator 12. 

On the basis of the signals 68 and 70, the fly height of the rotor 14 in relation 
to the stator 12 can then be determined from the signal 66, in order in this 
20 way to characterize the electric motor 10. 

When force is applied to the shaft 20 via the rotor 14, this is manifested by an 
elastic deformation of the shaft 20 or the base plate 42. This elastic 
deformation is contained in the signals 66, 68, 70 of the distance sensor 64, 
25 but does not contribute to the axial play and the fly height. The measuring 
results must therefore be corrected to allow for the deformation; the 
deformation sensor 54 provides signals which contain information on the 
deformation and, as a result, can serve for such a correction. 
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In the first stop position 44, by pulling up the rotor 14 in relation to the stator 
12, a force can be exerted on the shaft 20 in the pulling-up direction. As a 
result, the base plate 42 is deformed in the sanne direction, so that the 
5 distance between the deformation sensor 54 and the base plate 42 is 

increased at least in the region of the projection 56. The deformation sensor 
54 consequently supplies a signal 72 with a signal distance from a normal line 
74; the difference from the normal line 74 shows an increase in the distance 
between the deformation sensor 54 and the base plate 42. The signal 68 
10 must be correspondingly corrected to obtain the first stop position 44 with a 
high level of accuracy. 

If, conversely, the second stop position 46 is held, in that the rotor 14 is 
pressed against the stator 12, a force is then exerted on the shaft 20 in the 

15 direction of the pressure. This is manifested by a deformation of the base 
plate 42 in this direction. As a result once again, the distance between the 
base plate 42 and the deformation sensor 54, at least in the region of the 
projection 56, is reduced, which is manifested by a corresponding signal 76, 
which is at a distance from a normal line 78. By correction of the second 

20 signal 70 to allow for the distance of the signal 76 from the normal line 78, the - 
second stop position 46 can then be determined with high precision. 

The correction by means of the signals 72, 76 of the deformation sensor 54 
allows the first stop position 44 and the second stop position 46 to be 
25 determined with high precision, in order once again to be able to determine 
the fly height and the axial play in this way. 
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The device according to the invention can be used to deternnine the fly height 
of the shaft 20 in the bearing mount 22 by means of the method according to 
the invention in a highly precise and defined manner, it even being possible to 
determine fly heights of the order of magnitude of 10 |im and less. The 
5 measuring device 48 can be used to determine both the fly height and the 
axial play; the measurements have high levels of reproducibility and accuracy, 
and short measuring cycle times. 

The measuring method according to the invention was described above in 
10 connection with a fluid-mounted rotor. It can be used for ball-mounted rotors. 



- 17 - 



LIST OF DESIGNATIONS 
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